Stress corrosion cracking (SCC) has been reported at the aged components in many nuclear power plants. Toshiba has been developing the underwater laser welding. This welding technique can be conducted without draining the water in the reactor vessel. It is beneficial for workers not to exposure the radiation. The welding speed can be attaining twice as fast as that of Gas Tungsten Arc Welding (GTAW). The susceptibility of SCC can also be lower than the Alloy 600 base metal.
Introduction
Stress corrosion cracking (SCC) has been observed in aged nuclear internal components (1) .
To repair these degraded components, underwater laser welding techniques has been developed in Toshiba Corporation (2) - (5) . The underwater laser welding can weld in the water, where a locally dried circumstance is attained around an optical head as shown in Fig.1 . Since underwater laser welding is not necessary to drain the water, the period of outage is made shorten and decreasing the exposure of radiation for workers by reactor water as a shielding. Figure 2 shows the schematic illustration of dissimilar weld joint between nozzle and safe end on PWR reactor vessel. Alloy 600 was used for weld joint. PWSCC has taken place at this section. So Alloy 690, which has higher Cr content than Alloy 600, has been trying to clad on the Alloy 600 weld to repair the cracked components and to improve the corrosion resistance of the dissimilar weld joint. In this paper, development of the underwater laser welding techniques for cladding over these dissimilar joint areas is presented. Moreover the underwater laser seal welding techniques is also presented. 
Development procedure
Experimental condition is summarized in Table 1 . The development was proceeded by 4 steps using the plate specimens. When the repairing, the boundary between Alloy 600 weld and safe-end can not be distinguished. Alloy 600 and type 304 stainless steel were evaluated as the base metal. Sulfur content of Type 304L stainless steel was 0.029%. Two filler metals, ERNiCrFe-7 and ERNiCrFe-7A were evaluated. ERNiCrFe-7A is a modified alloy of ERNiCrFe-7 to decrease the susceptibility of occurrence of ductility dip cracking. Deposition rate is concerned with welding speed and wire feed rate. Low deposition rate had been a normal welding condition for us. However, high deposition rate is favorable for repairing since the repairing period can be decreased. Then high deposition rate was evaluated. Figure3 shows the schematic illustration of equipment of underwater laser welding. This equipment is used for plate welding tests to obtain the welding condition suitable for underwater laser welding. Underwater laser welding system consists of oscillator, welding head, NC machine and optical fiber. YAG laser oscillator was used in this experiment. Laser beam is delivered to welding head by optical fiber. Test piece was fixed on the jig. After flowing the Ar shield gas, welding head is moved horizontally and welding is conducted.
After investigating the optimum welding condition with the plate specimens, mock-up test was conducted. Mock-up specimens had pipe shape of which the inside diameter was 726mm. Welding around the inside periphery of the pipe was tried. Figure 4 shows typical cross-sectional micrograph welded at low deposition rate. It is not seen the weld defect such as crack or porosity. Chromium content distribution of underwater cladding with ERNiCrFe-7 filler metal measured by EPMA analysis is shown in Fig.5 . Chromium content increased with the number of layers added and it was attained 27% (equal to lowest the content of Alloy 690 specification) at third layer.
Typical cross-sectional micrograph of multi-layered cladding under condition of high deposition rate is shown in Fig.6 . Defects were not also observed in welds. The deposition rate can be 22mm 3 /s and it is twice as high as that of usual GTAW. Figure 7 shows the typical penetrant test result and cross-sectional micrograph of underwater laser cladding weld by ERNiCrFe-7A at high deposition rate. Weld defect such as hot cracking and porosity was not observed on weld bead surface and cross section. 
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ERNiCrFe-7A 3.1.2 Application for high sulfur content stainless steel High sulfer stainless steel was used in the some of the US old nuclear plants. Figure 8 shows the result that ERNiCrFe-7A was cladded directly on the high sulfur stainless steel. Many cracks were generated in the weld. This suggest that sulfur was moved from stainless steel and sulfur content became higher in the ERNiCrFe-7A clad welds, Then Y309L barrier layer layer was tried to insert to decrease the sulfur content in ERNiCrFe-7A clad welds. Figure 9 shows the ERNiCrFe-7A cladding where Y309L was inserted as the barrier layer on high sulfur content stainless steel. There are no cracks in the cladding. This indicates that the insertion of barrier layer is effective to decrease the initiation of cracks. 
Underwater laser seal welding
Underwater laser seal welding is for isolating SCC from corrosion environment. Figure  10 shows a typical bead appearance, penetrant test and cross-sectional micrograph of multi-layered underwater laser seal welding. This specimen was introduced an artificial crack and underwater seal welding was conducted. Weld defects such as cracks, undercut and porosity were not observed. Therefore, the crack could be sealed and isolated from water by underwater seal welding.
Evaluation of the susceptibility of PWSCC
Reverse U bend test specimens were cut off from 3 layered cladding layer of ERNiCrFe-7 on Alloy 600. This specimen was exposed to primary water after loading pre-strain of 20%. Alloy 600 was tested as reference. Figure 11 shows pentrant test results of Alloy 600 and ERNiCrFe-7 cladding specimens after the 20% pre-strained reverse U bend SCC test for 1000 h. SCC was observed on Alloy 600 specimens. On the other hand, SCC was not occurred on the ERNICrFe-7 weld metal. It was confirmed that the cladding layer of ERNICrFe-7 was effective to improvement of corrosion resistance. 
Mock-up test
As shown above, the welding condition had been developed with plate specimen. Using these welding conditions, welding around the inside periphery of the pipe was examined. Figure 12 shows the equipment and the result. The inside diameter of the pipe is 726mm. The defects such as weld crack and humping bead were not found. Good cladding layers were obtained for all welding position.
Conclusions
The conclusions were summarized as follows; 1) Good cladding layer was successfully obtained with underwater laser cladding and underwater laser seal welding when high Cr content filler metals such as ERNiCrFe-7 and ERNiCrFe-7A, were cladded on Alloy 600. 2) Good cladding layer was also obtained even on high sulfur content stainless steel by inserting a barrier layer of Y309L. 3) PWSCC susceptibility of cladding layer welded by underwater laser cladding evaluated.
The cladding layer was revealed a good corrosion resistance.
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